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Description
FIELD OF THE INVENTION

[0001] The presentdisclosure relates to power conver-
sion systems. Some embodiments disclosed herein con-
cern power conversion systems using low-temperature
thermodynamic cycles, such as a Rankine cycles or a
Brayton cycles, to recover heat from a heat source, e.g.
heatfrom a concentrated solar power plant, or else waste
heat from any suitable industrial plant. Some embodi-
ments specifically provide for low-temperature thermo-
dynamic cycles arranged in a cascade configuration with
a top, high-temperature thermodynamic cycle.

BACKGROUND ART

[0002] CH 276 514 Adiscloses a method for producing
work from heat.

[0003] US 2012/131919 A1 discloses a driven starter
pump.

[0004] Waste heatis often produced as a byproduct of

industrial processes, where heat from streams of high-
temperature fluids must be removed.

[0005] Typical industrial processes which produce
waste heat are those using gas turbines for mechanical
drive as well as power generation applications, gas en-
gines and combustors. These processes typically re-
lease exhaust combustion gases into the atmosphere at
temperatures considerably higher than the ambient tem-
perature. The exhaust gas contains waste heat that can
be usefully exploited, e.g. to produce additional mechan-
ical power in a bottom, low-temperature thermodynamic
cycle. The waste heat of the exhaust gas provides ther-
mal energy to the bottom, low-temperature thermody-
namic cycle, wherein a fluid performs cyclic thermody-
namic transformations, exchanging heat at a lower tem-
perature with the environment.

[0006] Waste heat can be converted into useful me-
chanical power by a variety of heat engine systems that
employ thermodynamic cycles, such as steam Rankine
cycles, organic Rankine or Brayton cycles, CO, cycles
or other power cycles. Rankine, Brayton and similar ther-
modynamic cycles are typically steam-based processes
that recover and utilize waste heat to generate steam/va-
por for driving a turbine, a turboexpander or the like. The
pressure and thermal energy of the steam or vapor is
partly converted into mechanical energy in the turboex-
pander, turbine or other power-converting machine and
finally used to drive aload, such as an electric generator,
a pump, a compressor or other driven device or machin-
ery.

[0007] Conversion of waste heat into useful mechani-
cal power can substantially improve the overall efficiency
of the power conversion system, contributing to the re-
duction of fuel consumption and reducing the environ-
mental impact of the power conversion process. Similar
advantages in terms of energy saving and reduction of
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environmental impact of human industrial activities can
be envisaged when other low-temperature heat sources
are exploited for mechanical power production, e.g. solar
plants, where solar energy is concentrated and used to
directly or indirectly heat a process fluid which can be
processed in a thermodynamic cycle.

[0008] Therefore, high-efficiency methods and sys-
tems for transforming low-temperature thermal power in-
to useful mechanical or electrical power are desirable.

SUMMARY OF THE INVENTION

[0009] Accordingtooneaspect, power conversion sys-
tems are disclosed herein, for converting heat from a
relatively low-temperature heat source, into useful power
with improved overall efficiency. More specifically, dis-
closed herein are embodiments of a power conversion
system, comprising a first working fluid circuit configured
to flow a first working fluid therethrough. The system fur-
ther comprises a heater configured to circulate the first
working fluid in heat exchange relationship with a heat
source to vaporize the first working fluid. The heat source
can be a waste heat source, such as exhaust gases from
an internal combustion engine (e.g. a reciprocating inter-
nal combustion engine, or a gas turbine engine). In other
embodiments the heat source can be a concentrated so-
lar plant, a waste heat source of an industrial facility or
any other source of heat.

[0010] The first working fluid circuit comprises a first
expander configured to expand the first working fluid
therein and generate mechanical power therewith and a
first pump or compressor. The first working fluid thus un-
dergoes cyclical thermodynamic transformations of heat-
ing, expanding, condensing/cooling, pumping, with
which part of the heat power delivered to the first working
fluid by the heat source is converted into useful mechan-
ical power by the first expander.

[0011] The power conversion system further compris-
es a second working fluid circuit to flow a second working
fluid through which a second working fluid flows. the sec-
ond working fluid can have the same chemical composi-
tion as the first working fluid or a different chemical com-
position.

[0012] A heattransferarrangementis further provided,
which is configured for transferring heat from a low pres-
sure side of the first working fluid circuit to a high pressure
side of the second working fluid circuit and vaporize the
second working fluid.

[0013] The second working fluid circuit comprises an
expander arrangement configured to expand the second
working fluid and generate mechanical power therewith.
The second working fluid circuit further comprises a sec-
ond pump or compressor for processing the second
working fluid, such that the latter undergoes cyclic ther-
modynamic transformations in the second working fluid
circuit, whereby part of the heat transferred from the first
working fluid circuit to the second working fluid circuit is
converted into useful mechanical power by the expander
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arrangement.

[0014] Thefirstpump orcompressor of the firstworking
fluid circuit is drivingly coupled to the expander arrange-
ment and driven by mechanical power generated there-
with.

[0015] The system further comprises a second heat
recuperator, with a heat-dispensing side in heat ex-
change relationship with a heat-receiving side, the heat-
dispensing side being fluidly coupled to the second work-
ing fluid circuit and the heat-receiving side being fluidly
coupled to the first working fluid circuit, such that heat is
transferred from the second working fluid, circulating in
the heat-dispensing side of the second heat recuperator,
to the first working fluid circulating in the heat-receiving
side of the second heat recuperator.

[0016] According to some embodiments, also the sec-
ond pump or compressor can be driven by mechanical
power generated by the expander arrangement. In other
embodiments, the second pump or compressor can be
powered by an electric motor.

[0017] Mechanical power generated by the first ex-
pander can be used as such, e.g. for mechanical drive
applications. These may include, but are not limited to
driving a turbomachine, such as a compressor. In other
embodiments part or the entire mechanical power gen-
erated by the first expander can be converted into electric
power. A part of said electric power can be used to drive
an electric motor which drives the second pump or com-
pressor.

[0018] When both the first pump or compressor and
the second pump or compressor are driven by mechan-
ical power generated by the expander arrangement, this
latter may include a single expander, which is drivingly
coupled to both first and second pump or compressor.
In other embodiments, the expander arrangement may
include two expanders, one for each pump or compres-
sor.

[0019] According to a further aspect, a method for pro-
ducing useful power from heat from a heat source, is
disclosed. According to embodiments disclosed herein,
the method comprises the following steps:

circulating a first working fluid by means of a first
pump or compressor through a first working fluid cir-
cuit having a high pressure side and a low pressure
side, wherein the high pressure side is in heat ex-
change relationship with the heat source and the low
pressure side is in heat exchange relationship with
a second working fluid circuit;

transferring thermal energy from the heat source to
the first working fluid;

expanding the first working fluid through a first ex-
pander arranged between the high pressure side and
the low pressure side of the first working fluid circuit,
and generate mechanical power therewith;
transferring low-temperature heat from the first work-
ing fluid circuit to the second working fluid circuit;
wherein the second working fluid circuit comprises
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a high pressure side and a low pressure side, an
expander arrangement between the high pressure
side and the low pressure side, and a second pump
or compressor between the low pressure side and
the high pressure side;

expanding a second working fluid circulating in the
second working fluid circuit in the expander arrange-
ment and generating mechanical power therewith;
driving the first pump or compressor by means of
mechanical power generated by the expander ar-
rangement;

transferring heat fromthe second working fluid circuit
to the first working fluid circuit by means of a heat
recuperator.

[0020] Features and embodiments are disclosed here
below and are further set forth in the appended claims,
which form an integral part of the present description.
The above brief description sets forth features of the var-
ious embodiments of the present invention in order that
the detailed description that follows may be better under-
stood and in order that the present contributions to the
artmay be better appreciated. There are, of course, other
features of the invention that will be described hereinafter
and which will be set forth in the appended claims. In this
respect, before explaining several embodiments of the
invention in details, it is understood that the various em-
bodiments of the invention are not limited in their appli-
cation to the details of the construction and to the ar-
rangements of the components set forth in the following
description or illustrated in the drawings. The invention
is capable of other embodiments and of being practiced
and carried out in various ways. Also, it is to be under-
stood that the phraseology and terminology employed
herein are for the purpose of description and should not
be regarded as limiting.

[0021] As such, those skilled in the art will appreciate
that the conception, upon which the disclosure is based,
may readily be utilized as a basis for designing other
structures, methods, and/or systems for carrying out the
several purposes of the present invention.

[0022] Itis important, therefore, that the claims be re-
garded as including such equivalent constructions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] A more complete appreciation of the disclosed
embodiments of the invention and many of the attendant
advantages thereof will be readily obtained as the same
becomes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings, wherein:

Figs. 1to 5illustrate five exemplary embodiments of
power systems including waste heat recovery cy-
cles.
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DETAILED DESCRIPTION

[0024] The following detailed description of the exem-
plary embodiments refers to the accompanying draw-
ings. The same reference numbers in different drawings
identify the same or similar elements. Additionally, the
drawings are not necessarily drawn to scale. Also, the
following detailed description does not limit the invention.
Instead, the scope of the invention is defined by the ap-
pended claims.

[0025] Reference throughout the specification to "one
embodiment" or "an embodiment" or "some embodi-
ments" means that the particular feature, structure or
characteristic described in connection with an embodi-
mentisincluded in atleast one embodiment of the subject
matter disclosed. Thus, the appearance of the phrase "in
one embodiment” or "in an embodiment” or "in some em-
bodiments"in various places throughout the specification
is not necessarily referring to the same embodiment(s).
Further, the particular features, structures or character-
istics may be combined in any suitable manner in one or
more embodiments.

[0026] Inthe following disclosure of exemplary embod-
iments reference is made to a combined hybrid thermo-
dynamic cycle, including a top, high-temperature ther-
modynamic cycle, the low-temperature source whereof
provides waste heat to a bottom, low-temperature ther-
modynamic cycle system. It shall, however, be under-
stood that according to other embodiments, the power
conversion system disclosed herein can be used to ex-
ploit heat power at relatively low temperatures from other
heat sources, e.g. waste heat from other industrial proc-
esses, such as geothermal processes.

[0027] Inthe following disclosure of exemplary embod-
iments reference is made to combined hybrid thermody-
namic cycles, including a top, high-temperature thermo-
dynamic cycle, temperature sink whereof represents a
heat source providing waste heat to cascade-arranged
a bottom, low-temperature thermodynamic cycles. It
shall, however, be understood that according to other
embodiments, the power systems disclosed herein can
be used to exploit heat power at relatively low tempera-
tures from other heat sources, e.g. waste heat from other
industrial processes, such as geothermal processes.
[0028] The power conversion system is configured
such that mechanical power generated by at least two
expanders of two thermodynamic cycles in cascade-ar-
rangement are used to generate mechanical power for
driving at least one pump or compressor of said cycles,
and for further providing useful mechanical power which
can e.g. be converted into electric power.

[0029] Fig.1 schematically illustrates a combined pow-
er conversion system 12 including a top, high-tempera-
ture thermodynamic system 1 and a combined, bottom,
low-temperature thermodynamic system 2. The top,
high-temperature thermodynamic system 1 can be com-
prised of a gas turbine engine 3 and an electric generator
5 driven by mechanical power generated by the gas tur-
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bine engine 3 and available on the output driveshaft 3A
of the latter. The gas turbine engine 3 can comprise a
compressor section 4, a combustor section 6 and a tur-
bine section 8. The electric generator 5 is connected to
an electric power distribution grid G. An electric power
conditioning device 10 can be interposed between the
electric generator 5 and the electric power distribution
grid G.

[0030] The bottom, low-temperature thermodynamic
system 2 comprises a first working fluid circuit 11 and a
second working fluid circuit 13. A first working fluid cir-
culates in the first working fluid circuit 11 and is subject
to cyclic thermodynamic transformations, by means of
which heat from the top, high-temperature thermody-
namic system 1 is partly converted into mechanical pow-
er and partly transferred, at a lower temperature, to the
second working fluid circuit 13. In this latter, a second
working fluid circulates and is subject to cyclic thermo-
dynamic transformations, by means of which heat from
the first working fluid circuit 11 is partly converted into
additional mechanical power and partly discharged at a
lower temperature at the cold side of the second working
fluid circuit 13.

[0031] Thus, waste heat from the top, high-tempera-
ture thermodynamic system 1 is exploited in a two-step
thermodynamic cycle producing mechanical power
through expansion in respective expanders in the first
and second working fluid circuits 11, 13.

[0032] The same working fluid can be used in the first
and second working fluid circuits 11, 13, i.e. fluid having
the same or substantially the same composition can be
used in the two working fluid circuits. For instance, carbon
dioxide (CO,) can be exploited in the first working fluid
circuit 11 and in the second working fluid circuit 13. In
other embodiments, different working fluids, i.e. fluids
having different chemical composition can be used in the
two working fluid circuits 11, 13. In the first case, the two
circuits can be placed in fluid communication, if needed,
for instance to transfer part of the working fluid from the
first working fluid circuit to the second working fluid circuit
or vice-versa.

[0033] Suitable working fluids which can be used in the
system described herein include, but are not limited to
fluids commonly used in Organic Rankine Cycles (ORC),
such as pentane and cyclopentane.

[0034] The thermodynamic cycle performed by the
working fluid in the first working fluid circuit or in the sec-
ond working fluid circuit or in both said working fluid cir-
cuits can be a supercritical cycle, i.e. the working fluid
can be in a supercritical state in at least one portion of
the thermodynamic cycle.

[0035] The first working fluid circuit 11 comprises a
heater, wherein the first working fluid of the first working
fluid circuit is heated and evaporated. The heater can be
a waste heat recovery exchanger 7, which is in heat ex-
change relationship with the exhaust combustion gas
flow from the gas turbine engine 1. Heat can be ex-
changed directly in the waste heat recovery heat ex-
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changer 7, from the exhaust combustion gas to the work-
ing fluid that circulates in the first working fluid circuit 11
ofthe low-temperature thermodynamic system 2. In other
embodiments, an intermediate heat transfer loop can be
provided, wherein a heat transfer fluid, such as diather-
mic oil or the like, circulates to transfer heat from a first
heat exchanger, in heat exchange relationship with the
exhaust combustion gas flow, to the waste heat recovery
exchanger.

[0036] The first working fluid circuit 11 further compris-
es a first expander 15 having an inlet in fluid communi-
cation with the waste heat recovery exchanger 7 and an
outlet in fluid communication with a first pressure boost-
ing device, such as a pump or compressor 17. Along the
first working fluid circuit 11, between the first expander
15 and the first pressure or compressor 17, heat removal
means are arranged, which remove low-temperature
heat from the first working fluid. These heat removal
means can comprise a first heat recuperator 19 and a
first cooler 21. The first heat recuperator 19 embodies a
heat transfer arrangement, for transferring heat from the
first working fluid circuit 11 to the second working fluid
circuit 13. The first working fluid flows in the heat-dis-
pensing side of the first heat recuperator 19 in heat ex-
change relationship with the second working fluid, which
flows in the heat-receiving side of the first heat recuper-
ator 19, such that heatis transferred from the first working
fluid to the second working fluid. The first working fluid
is further cooled in the first cooler 21, exchanging heat
with a heat sink, e.g. water or air.

[0037] The delivery side of the first pump or compres-
sor 17 is fluidly coupled to a second heat recuperator 23.
The first working fluid flows in the heat-receiving side of
the second heat recuperator 23, in heat exchange rela-
tionship with the second working fluid, which flows in the
heat-dispensing side of the second heat recuperator 23.
[0038] Thefirstexpander 15 and the firstpump or com-
pressor 17 divide the first working fluid circuit 11 into a
high pressure side and a low pressure side. The high
pressure side extends from the delivery side of the first
pump or compressor 17 to the inlet side of the first ex-
pander 15. The low pressure side extends from the outlet
of the first expander 15 to the suction side of the pump
or compressor 17.

[0039] The second working fluid circuit 13 comprises
the heat-receiving side of the first heat recuperator 19,
an expander arrangement comprised of a second ex-
pander 25 and a second pressure boosting device, i.e.
a second pump or compressor 27. Between the second
expander 25 and the second pump or compressor 27
heat removing means are arranged. The heat removing
means can include the heat-dispensing side of the sec-
ond heat recuperator 23 and a second cooler 29, ar-
ranged between the second heat recuperator 23 and the
second pump or compressor 27.

[0040] In the exemplary embodiment of Fig.1 the first
expander 15 is drivingly coupled to an electric generator
31. The first expander 15 can be directly connected to
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the electric generator 31. In other embodiments a gear-
box 33 can be provided between the first expander 15
and the electric generator 31. The electric generator 31
can be electrically connected to an electric power distri-
bution grid G. An electric power conditioning device 35
can be arranged between the electric generator 31 and
the electric distribution grid G.

[0041] The second expander 25 is drivingly coupled to
the first pump or compressor 17, such that this latter is
driven by mechanical power generated by the second
expander 25.

[0042] The second pump or compressor can be driven
by an electric motor 37 which can be connected to the
electric power distribution grid G or directly to the electric
generator 31. In some embodiments the electric motor
37 can be directly connected to the second pump or com-
pressor 27. In other embodiments, as shown in Fig.1, a
gearbox 39 can be arranged between the second pump
or compressor 27 and the electric motor 37.

[0043] The expanderarrangement comprising the sec-
ond expander 25 and the second pump or compressor
27 divide the second working fluid circuit 13 in a low pres-
sure side, extending from the outlet of the second ex-
pander 25 to the suction side of the second pump or
compressor 27, and a high pressure side, extending from
the delivery side of the second pump or compressor 27
to the inlet of the second expander 25.

[0044] The system described so far operates as fol-
lows. The gas turbine engine 3 is powered by gaseous
or liquid fossil fuel and generates mechanical power
which is converted into electric power by the electric gen-
erator 5 and delivered to the electric power distribution
grid G. The exhaust combustion gas of the gas turbine
engine 3 flows through the heater 7 in heat exchange
relationship with the first working fluid circulating in the
first working fluid circuit 11. Heat from the combustion
gas is exploited to evaporate the first working fluid, which
is then expanded in the first expander 15. The enthalpy
drop between across the first expander 15 is converted
by the first expander 15 into mechanical power and the
latterisin turn converted into electric power by the electric
generator 31.

[0045] A by-pass line 41 with a by-pass valve 43 can
be arranged in parallel to the first expander 15, such that
part or the whole of the first working fluid flow can by-
pass the first expander 15, e.g. during a start-up phase.
[0046] The expanded first working fluid exiting the first
expander 15 flows through the heat-dispensing side of
the first heat recuperator 19, where heat from the first
working fluid is transferred to the second working fluid
circulating in the second working fluid circuit 13. Low-
pressure, partly cooled first working fluid is then further
cooled in the first cooler 21 against a cooling medium,
such as ambient air or water. The low-pressure, cooled
first working fluid is then processed through the first pump
or compressor 17, which boosts the pressure of the first
working fluid from the low pressure of the low pressure
side of the first working fluid circuit, to the high pressure
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of the high-pressure side of the first working fluid circuit
11.

[0047] The pressurized first working fluid is then pre-
heated in the second heat recuperator 23 by heat ex-
change against the second working fluid circulating in
the second working fluid circuit 13 and finally delivered
to the heater 7 where it is evaporated again.

[0048] The second working fluid is heated and evapo-
rated in the heat-receiving side of the second heat recu-
perator 19 and expanded in the second expander 25.
The enthalpy drop across the second expander 25 is con-
verted into mechanical power which is used to drive the
first pump or compressor 17 of the first working fluid cir-
cuit 11. The expanded second working fluid from the sec-
ond expander 25 is then cooled in the second heat recu-
perator 23, if provided, and in the second cooler 29. More
specifically, the second working fluid flows in the heat-
dispensing side of the second heat recuperator 23 in heat
exchange relationship with the first working fluid which
flows n the heat-receiving side of the second heat recu-
perator. In the second cooler 29 the expanded and partly
cooled second working fluid is in heat exchange relation-
ship with a cooling medium, such as air or water and is
brought to the final bottom temperature of the cycle prior
to being processed through the second pump or com-
pressor 27. Therefrom, the pressurized second working
fluid is delivered to the first heat recuperator 19 to be
heated and evaporated again, and repeat the above de-
scribed thermodynamic cycle.

[0049] The above described power conversion system
converts high-temperature heat contained in the com-
bustion gas of the gas turbine engine 3 into useful electric
power through the electric generator 31. The net electric
power produced by the system is reduced by the amount
of electric power needed to drive the second pump or
compressor 27, said amount of power being, however,
much less than the total electric power generated by the
electric generator 31. The first pump or compressor 17
is, conversely, driven by thee second expander 25 and
does not need to consume electric power provided by
the electric generator 31 or by the electric distribution
grid G.

[0050] Fig.2 illustrates the power conversion system
12 of Fig.1, wherein a connection line 51 is provided be-
tween the second working fluid circuit 13 and the first
working fluid circuit 11. A valve 53 is provided along the
connection line 51. Acting upon the valve 53 working fluid
can be caused to flow from one working fluid circuit to
the other or vice-versa.

[0051] A further power conversion system according
to the present disclosure is illustrated in Fig.3. The same
reference numbers designate the same or equivalent
parts, components or elements as shown in Fig.1, which
will not be described again. In the power conversion sys-
tem 12 of Fig. 3 both the first pump or compressor 17
and the second pump or compressor 27 are driven by
the second expander 25. The electric motor 37 is thus
dispensed with. A gear box (not shown) can be provided
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between the second expander 25 and the first pump or
compressor 1 and/or between the second pump or com-
pressor 27 and the first pump or compressor 17.

[0052] In some embodiments, the first pump or com-
pressor 17 and the second pump or compressor 27 can
be driven by two separate expanders, rather by the same
expander, as illustrated in Fig. 3. In the exemplary em-
bodiment of Fig. 4 an arrangement with two separate
expanders for driving the first pump or compressor 17
and the second pump or compressor 27 is illustrated.
The elements, parts or components corresponding or
equivalent to those of Fig.1 are labeled with the same
reference numbers and will not be described again.
[0053] Inthe embodiment of Fig. 4 the second working
fluid circuit 13 comprises an expander arrangement, glo-
bally labeled 24, comprised of a second expander 25.1
and a third expander 25.2. The second expander 25.1
and the third expander 25.2 are arranged in series along
the second working fluid circuit 13. The second working
fluidis thus firstly partly expandedin the second expander
25.1 and subsequently further expanded in the third ex-
pander 25.2. The second expander 25.1 is drivingly con-
nected to the second pump or compressor 27, while the
third expander 25.2 is drivingly connected to the first
pump or compressor 17, such that mechanical power
generated by the two enthalpy drops across the second
expander 25.1 and the third expander 25.2 is used to
drive both pumps or compressors 17, 27 of the power
conversion system 12.

[0054] Insomeembodimentsanadjusting valve 61 can
be arranged along the second working fluid circuit 13,
between the second expander 25.1 and the third expand-
er 25.2. The adjusting valve 61 can be operated to adjust
an intermediate pressure between the second expander
25.1 and the third expander 25.2, such that the enthalpy
drop across the second expander 25.1 and the third ex-
pander 25.2 can be modified according to the operating
conditions of the power conversion system 12.

[0055] In some embodiments, a by-pass valve 63 can
be further provided along a by-pass line 65 arranged in
parallel to the third expander 25.2, to adjust the mass
flow of the second working fluid flowing through the third
expander 25.2.

[0056] According to some embodiments, a gear box
67 can be arranged between second expander 25.1 and
the second pump or compressor 27 driven thereby. In
some embodiments, a gear box 69 can be arranged be-
tween the third expander 25.2 and the first pump or com-
pressor 17.

[0057] Fig. 5illustrates a further embodiment of a pow-
er conversion system according to the present disclo-
sure. The same reference numbers as used in Figs.1 to
4 designate the same or equivalent parts, components
or elements, which will not be described again. In the
embodiment of Fig.. 5 the second working fluid circuit
comprises an expander arrangement 24 which, similarly
to the embodiment of Fig. 4, comprises a second expand-
er 25.1 and a third expander 25.2. Differently from Fig.4,
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however, according to the embodiment of Fig.5 the sec-
ond expander 25.1 is drivingly connected to the first pump
or compressor 17, rather than to the second pump or
compressor 27. The third expander 25.2 is in turn driv-
ingly connected to the second pump or compressor 27.
Gear boxes 67 and 699 can be provided between the
expanders 25.1 and 25.2 and the respective pumps or
compressors 17 and 27.

[0058] In the embodiment of Fig. 5 a by-pass valve 71
is arranged on a by-pass line 73 in parallel to the second
expander 25.1, to adjust the mass flow of the second
working fluid through the second expander 25.1 and tune
the operation of the second expander 25.1 according to
the operating conditions of the power conversion system
12.

[0059] Several additional modifications of the power
conversion systems described herein are possible. For
instance, one, some or all the gear boxes provided in any
one of the embodiments disclosed herein can be re-
placed by variable speed drives, which allow a variation
of the transmission ratio between an inlet shaft and an
outlet shaft, thus providing additional adjustment options.
Additionally, further pressure adjustment valves or flow
adjustment valves can be provided in the first working
fluid circuit 11 or in the second working fluid circuit 13.
[0060] Each expander described herein in connection
to the various embodiments can be a single-stage or a
multi-stage expander, or else can in actual fact be com-
prised of two or more expanders arranged in series or in
parallel. The expanders can be axial expanders, radial
expander or mixed expanders. Variable inlet guide noz-
zles can further be provided at the inlet of one or more
of the expanders or single stages thereof, providing ad-
ditional degrees of freedom for adjusting the operating
conditions of the expanders.

[0061] As mentioned above, while in Figs 1 to 5 the
heat source which provides heat to the first working fluid
circuit 11 and the second working fluid circuit 13 is ex-
haust gas from a gas turbine engine, in other embodi-
ments, heat from a different heat source can be provided.
Forinstance, heatfrom a concentrated solar power plant,
waste heat from an internal reciprocating engine, and
more in general any industrial waste heat can be used.
[0062] While the disclosed embodiments of the subject
matter described herein have been shown in the draw-
ings and fully described above with particularity and detail
in connection with several exemplary embodiments, it
will be apparent to those of ordinary skill in the art that
many modifications, changes, and omissions are possi-
ble without materially departing from the novel teachings,
the principles and concepts set forth herein, and advan-
tages of the subject matter recited in the appended
claims. Hence, the proper scope of the disclosed inno-
vations should be determined only by the broadest inter-
pretation of the appended claims so as to encompass all
such maodifications, changes, and omissions. In addition,
the order or sequence of any process or method steps
may be varied or re-sequenced according to alternative
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embodiments.

Claims

1. A power conversion system comprising:

a first working fluid circuit (11) having a high
pressure side and a low pressure side and con-
figured to flow a first working fluid therethrough;
a heater (7) configured to circulate the first work-
ing fluid in heat exchange relationship with a
heat source (3) to vaporize the first working fluid;
a first expander (15) arranged between the high
pressure side and the low pressure side of the
first working fluid circuit (11), configured to ex-
pand the first working fluid therein and generate
mechanical power therewith;

a first pump or compressor (17) arranged be-
tween the low pressure side and the high pres-
sure side of the first working fluid circuit (11);

a second working fluid circuit (13) having a high
pressure side and a low pressure side and con-
figured to flow a second working fluid there-
through;

a heat transfer arrangement (19), configured for
transferring heat from the low pressure side of
the first working fluid circuit (11) to the high pres-
sure side of the second working fluid circuit (13)
and vaporize the second working fluid;

an expander arrangement (24; 25) arranged be-
tween the high pressure side and the low pres-
sure side of the second working fluid circuit (13),
configured to expand the second working fluid
therein and generate mechanical power there-
with;

a second pump or compressor (27) arranged
between the low pressure side and the high
pressure side of the second working fluid circuit
(13);

wherein the first pump or compressor (17) is
drivingly coupled to the expander arrangement
(24; 25) and driven by mechanical power gen-
erated therewith;

the power conversion system is
characterized by comprising a second heat re-
cuperator (23), with a heat-dispensing side in
heat exchange relationship with a heat-receiv-
ing side, the heat-dispensing side being fluidly
coupled to the second working fluid circuit (13)
and the heat-receiving side being fluidly coupled
to the first working fluid circuit (11), such that
heatis transferred from the second working fluid,
circulating in the heat-dispensing side of the sec-
ond heat recuperator, to the first working fluid
circulating in the heat-receiving side of the sec-
ond heat recuperator.
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The power conversion system of claim 1, wherein
the first expander (15) is drivingly coupled to a rotat-
ing load (31).

The power conversion system of claim 2, wherein
the rotating load (31) comprises an electric genera-
tor, configured for converting mechanical powergen-
erated by the first expander (15) into electric power.

The power conversion system of one or more of the
preceding claims, wherein the second pump or com-
pressor (27) is drivingly coupled to an electric motor
(37).

The power conversion system of one or more of
claims 1 to 3, wherein the second pump or compres-
sor (27) is drivingly coupled to the expander arrange-
ment (24), whereby both the first pump or compres-
sor (17) and the second pump or compressor (27)
are driven by mechanical power generated by the
expander arrangement (24).

The power conversion system of one or more of the
preceding claims, wherein the expander arrange-
ment comprises a second expander (25), drivingly
coupled to a shaft line, and wherein the first pump
or compressor (17) and the second pump or com-
pressor (27) are drivingly coupled to the shaft line.

The power conversion system of one or more of the
preceding claims, wherein the expander arrange-
ment (24) comprises a top expander (25.1) and a
bottom expander (25.2) arranged in series between
the high pressure side and the low pressure side of
the second working fluid circuit (13), such that the
second working fluid is sequentially expanded in the
top expander (25.1) and in the bottom expander
(25.2), and wherein one of said first pump or com-
pressor (17) and second pump or compressor (27)
is drivingly coupled to the top expander (25.1) and
the other of said first pump or compressor (17) and
second pump or compressor (27)is drivingly coupled
to the bottom expander (25.2).

The power conversion system of one or more of the
preceding claims, wherein the heat transfer arrange-
ment (19) comprises a first heat recuperator (19),
with a heat-dispensing side in heat exchange rela-
tionship with a heat-receiving side, the heat-dispens-
ing side being fluidly coupled to the first working fluid
circuit (11) and the heat-receiving side being fluidly
coupled to the second working fluid circuit (13), such
that heat is transferred from the first working fluid
circulating in the heat-dispensing side of the first heat
recuperator to the second working fluid circulating in
the heat-receiving side of the first heat recuperator
(19).
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9.

10.

1.

12.

13.

14.

The power conversion system of claim 8, wherein
the heat-dispensing side of the first heat recuperator
(19) is fluidly coupled to the first working fluid circuit
(11) between the first expander (15) and the first
pump or compressor (17), and the heat-receiving
side of the firstheatrecuperator (19)is fluidly coupled
to the second working fluid circuit (13) between the
second pump or compressor (27) and the expander
arrangement (24; 25).

The power conversion system of claim 8 or 9, where-
in the first working fluid circuit (11) further comprises
a first cooler (21), fluidly coupled to the first working
fluid circuit (11) between the heat-dispensing side of
the first heat recuperator (19) and the first pump or
compressor (17).

The power conversion system of one or more of the
preceding claims , wherein the high-temperature
side of the second heat recuperator (23) is fluidly
coupled to the second working fluid circuit (13) be-
tween the expander arrangement (24; 25) and the
second pump or compressor (27), and the low-tem-
perature side of the second heat recuperator (23) is
fluidly coupled to the first working fluid circuit (11)
between the first pump or compressor (17) and the
heater (7).

The power conversion system of one or more of the
preceding claims, wherein the second working fluid
circuit (13) further comprises a second cooler (29),
fluidly coupled to the second working fluid circuit (13)
between the second heat recuperator (23) and the
second pump or compressor (27).

The power conversion system of one or more of the
preceding claims, further comprising a connection
line (51) between the first working fluid circuit (11)
and the second working circuit (13), configured for
transferring working fluid from the first working fluid
circuit (11) to the second working fluid circuit (13) or
vice-versa, a valve (53) being disposed on the con-
nection line (51).

A method for producing useful power from heat from
a heat source, comprising the following steps:

circulating a first working fluid by means of a first
pump or compressor (17) through a first working
fluid circuit (11) having a high pressure side and
a low pressure side, wherein the high pressure
side is in heat exchange relationship with the
heat source and the low pressure side is in heat
exchange relationship with a second working
fluid circuit (13);

transferring thermal energy from the heat source
to the first working fluid;

expanding the first working fluid through a first
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expander (15) arranged between the high pres-
sure side and the low pressure side of the first
working fluid circuit (11), and generate mechan-
ical power therewith;

transferring low-temperature heat from the first
working fluid circuit (11) to the second working
fluid circuit (13); wherein the second working flu-
id circuit (13) comprises a high pressure side
and a low pressure side, an expander arrange-
ment (25; 24) between the high pressure side
and the low pressure side, and a second pump
or compressor (27) between the low pressure
side and the high pressure side;

expanding a second working fluid circulating in
the second working fluid circuit (13) in the ex-
pander arrangement (25; 24) and generating
mechanical power therewith;

driving the first pump or compressor (17) by
means of mechanical power generated by the
expander arrangement (25, 24);

the method is characterized in comprising the
following step:

transferring heat from the second working fluid
circuit (13) to the first working fluid circuit (11)
by means of a heat recuperator (23).

15. The method of claim 14, further comprising the step

of rotating a load (31) with mechanical power gen-
erated by the first expander (15).

Patentanspriiche

Energieumwandlungssystem, umfassend:

einen ersten Arbeitsfluidkreislauf (11) mit einer
Hochdruckseite und einer Niederdruckseite, der
so konfiguriert ist, dass ein erstes Arbeitsfluid
hindurchstromt;

eine Heizvorrichtung (7), die so konfiguriert ist,
dass sie das erste Arbeitsfluid in Warmeaus-
tauschbeziehung mit einer Warmequelle (3) zir-
kuliert, um das erste Arbeitsfluid zu verdampfen;
einen ersten Expander (15), der zwischen der
Hochdruckseite und der Niederdruckseite des
ersten Arbeitsfluidkreislaufs (11) angeordnet ist
und der so konfiguriert ist, dass das erste Ar-
beitsfluid darin expandiert wird und dadurch me-
chanische Energie erzeugt wird;

eine erste Pumpe oder einen ersten Kompres-
sor (17), angeordnet zwischen der Niederdruck-
seite und der Hochdruckseite des ersten Ar-
beitsfluidkreislaufs (11);

einen zweiten Arbeitsfluidkreislauf (13) miteiner
Hochdruckseite und einer Niederdruckseite, der
so konfiguriert ist, dass ein zweites Arbeitsfluid
hindurchstréomt;

eine Warmedubertragungsanordnung (19), die
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so konfiguriert ist, dass Warme von der Nieder-
druckseite des ersten Arbeitsfluidkreislaufs (11)
zu der Hochdruckseite des zweiten Arbeitsflu-
idkreislaufs (13) Ubertragen wird und das zweite
Arbeitsfluid verdampft wird;

eine Expanderanordnung (24; 25), die zwischen
der Hochdruckseite und der Niederdruckseite
des zweiten Arbeitsfluidkreislaufs (13) angeord-
netist und die so konfiguriert ist, dass das zweite
Arbeitsfluid darin expandiert wird und dadurch
mechanische Energie erzeugt wird;

eine zweite Pumpe oder einen zweiten Kom-
pressor (27), angeordnet zwischen der Nieder-
druckseite und der Hochdruckseite des zweiten
Arbeitsfluidkreislaufs (13);

wobei die erste Pumpe oder der erste Kompres-
sor (17) antriebsmaRig mit der Expanderanord-
nung (24; 25) gekoppelt ist und durch die da-
durch erzeugte mechanische Energie angetrie-
ben wird;

wobei das Energieumwandlungssystem da-
durch gekennzeichnet ist, dass es einen
zweiten Warmerekuperator (23) mit einer War-
me abgebenden Seite in Warmeaustauschbe-
ziehung mit einer Warme aufnehmenden Seite
umfasst, wobei die Warme abgebende Seite in
Fluidverbindung mit dem zweiten Arbeitsfluid-
kreislauf (13) steht und die Warme aufnehmen-
de Seite in Fluidverbindung mit dem ersten Ar-
beitsfluidkreislauf (11) steht, sodass Warme von
dem zweiten Arbeitsfluid, das in der Warme ab-
gebenden Seite des zweiten Warmerekupera-
tors zirkuliert, an das erste Arbeitsfluid Ubertra-
gen wird, das in der Warme aufnehmenden Sei-
te des zweiten Warmerekuperators zirkuliert.

Energieumwandlungssystem nach Anspruch 1, wo-
bei der erste Expander (15) antriebsmagig mit einer
rotierenden Last (31) gekoppelt ist.

Energieumwandlungssystem nach Anspruch 2, wo-
bei die rotierende Last (31) einen Stromgenerator
umfasst, der so konfiguriertist, dass er mechanische
Energie, die durch den ersten Expander (15) erzeugt
wird, in elektrische Energie umwandelt.

Energieumwandlungssystem nach einem oder meh-
rerender vorstehenden Anspriiche, wobeidie zweite
Pumpe oder der zweite Kompressor (27) antriebs-
maRig mit einem Elektromotor (37) gekoppelt ist.

Energieumwandlungssystem nach einem oder meh-
reren der Anspriiche 1 bis 3, wobei die zweite Pumpe
oder der zweite Kompressor (27) antriebsmafig mit
der Expanderanordnung (24) gekoppelt ist, wodurch
sowohl die erste Pumpe oder der erste Kompressor
(17)als auch die zweite Pumpe oder der zweite Kom-
pressor (27) durch mechanische Energie angetrie-
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ben werden, die durch die Expanderanordnung (24)
erzeugt wird.

Energieumwandlungssystem nach einem oder meh-
reren der vorstehenden Anspriiche, wobei die Ex-
panderanordnung einen zweiten Expander (25) um-
fasst, der antriebsmafig mit einem Wellenstrang ge-
koppeltist, und wobei die erste Pumpe oder dererste
Kompressor (17) und die zweite Pumpe oder der
zweite Kompressor (27) antriebsmanig mitdem Wel-
lenstrang gekoppelt sind.

Energieumwandlungssystem nach einem oder meh-
reren der vorstehenden Anspriiche, wobei die Ex-
panderanordnung (24) einen oberen Expander
(25.1) und einen unteren Expander (25.2) in Reihe
zwischen der Hochdruckseite und der Niederdruck-
seite des zweiten Arbeitsfluidkreislaufs (13) umfasst,
sodass das zweite Arbeitsfluid nacheinanderimobe-
ren Expander (25.1) und im unteren Expander (25.2)
expandiert wird, und wobei eine von der ersten Pum-
pe oder dem ersten Kompressor (17) und der zwei-
ten Pumpe oder dem zweiten Kompressor (27) an-
triebsmanig mit dem oberen Expander (25.1) gekop-
pelt ist und die andere von der ersten Pumpe oder
dem ersten Kompressor (17)und der zweiten Pumpe
oder dem zweiten Kompressor (27) antriebsmaRig
mit dem unteren Expander (25.2) gekoppelt ist.

Energieumwandlungssystem nach einem oder meh-
reren der vorstehenden Anspriiche, wobei die War-
meubertragungsanordnung (19) einen ersten War-
merekuperator (19) mit einer Warme abgebenden
Seite in Warmeaustauschbeziehung mit einer War-
me aufnehmenden Seite umfasst, wobei die Warme
abgebende Seite in Fluidverbindung mit dem ersten
Arbeitsfluidkreislauf (11) steht und die Warme auf-
nehmende Seite in Fluidverbindung mitdem zweiten
Arbeitsfluidkreislauf (13) steht, sodass Warme von
dem ersten Arbeitsfluid, das in der Warme abgeben-
den Seite des ersten Warmerekuperators zirkuliert,
an das zweite Arbeitsfluid Ubertragen wird, das in
der Warme aufnehmenden Seite des ersten War-
merekuperators (19) zirkuliert.

Energieumwandlungssystem nach Anspruch 8, wo-
bei die Warme abgebende Seite des ersten War-
merekuperators (19)in Fluidverbindung mitdem ers-
ten Arbeitsfluidkreislauf (11) zwischen dem ersten
Expander (15) und der ersten Pumpe oder dem ers-
ten Kompressor (17) steht und die Warme aufneh-
mende Seite des ersten Warmerekuperators (19) in
Fluidverbindung mit dem zweiten Arbeitsfluidkreis-
lauf (13) zwischen der zweiten Pumpe oder dem
zweiten Kompressor (27) und der Expanderanord-
nung (24; 25) steht.

10. Energieumwandlungssystem nach Anspruch 8 oder
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1.

12.

13.

14.

9, wobei der erste Arbeitsfluidkreislauf (11) ferner
einen ersten Kihler (21) umfasst, der in Fluidverbin-
dung mit dem ersten Arbeitsfluidkreislauf (11) zwi-
schen der Warme abgebenden Seite des ersten
Warmerekuperators (19) und der ersten Pumpe oder
dem ersten Kompressor (17) steht.

Energieumwandlungssystem nach einem oder meh-
reren der vorstehenden Anspriiche, wobei die Hoch-
temperaturseite des zweiten Warmerekuperators
(23) in Fluidverbindung mit dem zweiten Arbeitsflu-
idkreislauf (13) zwischen der Expanderanordnung
(24; 25) und der zweiten Pumpe oder dem zweiten
Kompressor (27) steht und die Niedertemperatursei-
te des zweiten Warmerekuperators (23) in Fluidver-
bindung mit dem ersten Arbeitsfluidkreislauf (11)
zwischen der ersten Pumpe oder dem ersten Kom-
pressor (17) und dem Heizgerat (7) steht.

Energieumwandlungssystem nach einem oder meh-
reren der vorstehenden Anspriiche, wobei der zwei-
te Arbeitsfluidkreislauf (13) ferner einen zweiten
Kuhler (29) umfasst, der in Fluidverbindung mit dem
zweiten Arbeitsfluidkreislauf (13) zwischen dem
zweiten Warmerekuperator (23) und der zweiten
Pumpe oder dem zweiten Kompressor (27) steht.

Energieumwandlungssystem nach einem oder meh-
reren der vorstehenden Anspriiche, ferner umfas-
send eine Verbindungsleitung (51) zwischen dem
ersten Arbeitsfluidkreislauf (11) und dem zweiten Ar-
beitsfluidkreislauf (13), die so konfiguriert ist, dass
sie das Arbeitsfluid aus dem ersten Arbeitsfluidkreis-
lauf (11) zum zweiten Arbeitsfluidkreislauf (13) oder
umgekehrt Ubertragt, wobei ein Ventil (53) an der
Verbindungsleitung (51) angeordnet ist.

Verfahren zum Erzeugen von Nutzleistung aus War-
me von einer Warmequelle, umfassend die folgen-
den Schritte:

Zirkulieren eines ersten Arbeitsfluids mittels ei-
ner ersten Pumpe oder eines ersten Kompres-
sors (17) durch einen ersten Arbeitsfluidkreis-
lauf (11) mit einer Hochdruckseite und einer Nie-
derdruckseite, wobei die Hochdruckseite in
Warmeaustauschbeziehung mit der Warme-
quelle steht und die Niederdruckseite in Warme-
austauschbeziehung miteinemzweiten Arbeits-
fluidkreislauf (13) steht;

Ubertragen thermischer Energie von der War-
mequelle an das erste Arbeitsfluid;
Expandieren des ersten Arbeitsfluids durch ei-
nen ersten Expander (15), der zwischen der
Hochdruckseite und der Niederdruckseite des
ersten Arbeitsfluidkreislaufs (11) angeordnetiist,
und dadurch Erzeugen von mechanischer En-
ergie;
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Ubertragen von Niedertemperaturwarme von
dem ersten Arbeitsfluidkreislauf (11) an den
zweiten Arbeitsfluidkreislauf (13); wobei der
zweite Arbeitsfluidkreislauf (13) eine Hoch-
druckseite und eine Niederdruckseite, eine Ex-
panderanordnung (25; 24) zwischen der Hoch-
druckseite und der Niederdruckseite und eine
zweite Pumpe oder einen zweiten Kompressor
(27) zwischen der Niederdruckseite und der
Hochdruckseite umfasst;

Expandieren eines zweiten Arbeitsfluids, das in
dem zweiten Arbeitsfluidkreislauf (13) zirkuliert,
in der Expanderanordnung (25; 24) und dadurch
Erzeugen mechanischer Energie;

Antreiben der ersten Pumpe oder des ersten
Kompressors (17) mittels mechanischer Ener-
gie, die durch die Expanderanordnung (25, 24)
erzeugt wird;

wobeidas Verfahren dadurch gekennzeichnet
ist, dass es den folgenden Schritt umfasst:
Ubertragen von Warme von dem zweiten Ar-
beitsfluidkreislauf (13) an den ersten Arbeitsflu-
idkreislauf (11) mittels eines Warmerekupera-
tors (23).

15. Verfahren nach Anspruch 14, ferner umfassend den

Schritt des Rotierens einer Last (31) mit mechani-
scher Energie, die durch den ersten Expander (15)
erzeugt wird.

Revendications

Systeme de conversion de puissance comprenant :

un premier circuit de fluide de travail (11) ayant
un cbté haute pression et un c6té basse pres-
sion et configuré pour faire s’écouler un premier
fluide de travail a travers celui-ci ;

un chauffage (7) configuré pour faire circuler le
premier fluide de travail en relation d’échange
thermique avec une source de chaleur (3) pour
vaporiser le premier fluide de travail ;

un premier détendeur (15) agenceé entre le coté
haute pression et le c6té basse pression du pre-
mier circuit de fluide de travail (11), configuré
pour détendre le premier fluide de travail en son
sein etgénérer ainsiune puissance mécanique ;
une premiére pompe ou un premier compres-
seur (17) agencé entre le c6té basse pression
et le coté haute pression du premier circuit de
fluide de travail (11) ;

un deuxiéme circuit de fluide de travail (13)
ayant un cbté haute pression et un c6té basse
pression et configuré pour faire s’écouler un
deuxieme fluide de travail a travers celui-ci ;
un agencement de transfert thermique (19),
configuré pour transférer de la chaleur du cété
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basse pression du premier circuit de fluide de
travail (11) vers le cété haute pression du
deuxieme circuit de fluide de travail (13) et va-
poriser le deuxiéme fluide de travail ;

un agencement de détendeur (24 ; 25) agenceé
entre le coté haute pression et le coté basse
pression du deuxiéme circuit de fluide de travail
(13), configuré pour détendre le deuxiéme fluide
de travail en son sein et générer ainsi une puis-
sance mécanique ;

une deuxieme pompe ou un deuxieéme compres-
seur (27) agencé entre le c6té basse pression
et le c6té haute pression du deuxiéme circuit de
fluide de travail (13) ;

dans lequel la premiére pompe ou le premier
compresseur (17) est couplé par entrainement
al'lagencement de détendeur (24 ; 25) et entrai-
né par une puissance mécanique ainsi
générée ;

le systéme de conversion de puissance est
caractérisé en ce qu’il comprend un deuxiéme
récupérateur de chaleur (23), avec un cété de
distribution de chaleur en relation d’échange
thermique avec un cété de réception de chaleur,
le c6té de distribution de chaleur étant couplé
fluidiquement au deuxieme circuit de fluide de
travail (13) et le coté de réception de chaleur
étant couplé fluidiquement au premier circuit de
fluide de travail (11), de telle sorte que de la
chaleur est transférée a partir du deuxiéme flui-
de de travail, circulant dans le c6té de distribu-
tion de chaleur du deuxiéme récupérateur de
chaleur, vers le premier fluide de travail circulant
dans le c6té de réception de chaleur du deuxie-
me récupérateur de chaleur.

Systeme de conversion de puissance selon la re-
vendication 1, dans lequel le premier détendeur (15)
est couplé par entrainement a une charge rotative
(31).

Systeme de conversion de puissance selon la re-
vendication 2, dans lequel la charge rotative (31)
comprend un générateur électrique, configuré pour
convertir une puissance mécanique générée par le
premier détendeur (15) en puissance électrique.

Systeme de conversion de puissance selon une ou
plusieurs des revendications précédentes, dans le-
quel la deuxiéme pompe ou le deuxieme compres-
seur (27) est couplé par entrainement a un moteur
électrique (37).

Systeme de conversion de puissance selon une ou
plusieurs des revendications 1 a 3, dans lequel la
deuxieme pompe ou le deuxiéme compresseur (27)
est couplé par entrainement a I'agencement de dé-
tendeur (24), moyennant quoi I'un et 'autre parmi la
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premiere pompe ou le premier compresseur (17) et
la deuxiéme pompe ou le deuxieme compresseur
(27) sont entrainés par une puissance mécanique
générée par 'agencement de détendeur (24).

Systeme de conversion de puissance selon une ou
plusieurs des revendications précédentes, dans le-
quel I'agencement de détendeur comprend un
deuxiéme détendeur (25), couplé par entrainement
auneligned’arbre, etdanslequella premiere pompe
ou le premier compresseur (17) et la deuxieme pom-
pe ou le deuxiéme compresseur (27) sont couplés
par entrainement a la ligne d’arbre.

Systeme de conversion de puissance selon une ou
plusieurs des revendications précédentes, dans le-
quel 'agencement de détendeur (24) comprend un
détendeur supérieur (25.1) et un détendeur inférieur
(25.2) agenceés en série entre le coté haute pression
et le coté basse pression du deuxieme circuit de flui-
de de travail (13), de telle sorte que le deuxieme
fluide de travail est séquentiellement détendu dans
le détendeur supérieur (25.1) et dans le détendeur
inférieur (25.2), et dans lequel I'un parmi ladite pre-
miére pompe ou ledit premier compresseur (17) et
ladite deuxiéme pompe ou ledit deuxiéme compres-
seur (27) est couplé par entrainement au détendeur
supérieur (25.1) et l'autre parmiladite premiére pom-
pe ou ledit premier compresseur (17) et ladite
deuxiéme pompe ou ledit deuxieme compresseur
(27) est couplé par entrainement au détendeur infé-
rieur (25.2).

Systeme de conversion de puissance selon une ou
plusieurs des revendications précédentes, dans le-
quel 'agencement de transfert thermique (19) com-
prend un premier récupérateur de chaleur (19), avec
un c6té de distribution de chaleur en relation
d’échange thermique avec un c6té de réception de
chaleur, le coté de distribution de chaleur étant cou-
plé fluidiquement au premier circuit de fluide de tra-
vail (11) et le coté de réception de chaleur étant cou-
plé fluidiquement au deuxieme circuit de fluide de
travail (13), de telle sorte que de la chaleur est trans-
férée du premier fluide de travail circulant dans le
cbté de distribution de chaleur du premier récupéra-
teur de chaleur vers le deuxieme fluide de travail
circulant dans le c6té de réception de chaleur du
premier récupérateur de chaleur (19).

Systeme de conversion de puissance selon la re-
vendication 8, dans lequel le c6té de distribution de
chaleur du premier récupérateur de chaleur (19) est
couplé fluidiquement au premier circuit de fluide de
travail (11) entre le premier détendeur (15) et la pre-
miére pompe ou le premier compresseur (17), et le
cbté de réception de chaleur du premier récupéra-
teur de chaleur (19) est couplé fluidiquement au
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deuxieme circuit de fluide de travail (13) entre la
deuxieme pompe ou le deuxiéme compresseur (27)
et 'agencement de détendeur (24 ; 25).

Systeme de conversion de puissance selon la re-
vendication 8 ou 9, dans lequel le premier circuit de
fluide de travail (11) comprend en outre un premier
refroidisseur (21), couplé fluidiquement au premier
circuit de fluide de travail (11) entre le c6té de distri-
bution de chaleur du premier récupérateur de cha-
leur (19) et la premiére pompe ou le premier com-
presseur (17).

Systeme de conversion de puissance selon une ou
plusieurs des revendications précédentes, dans le-
quel le cété haute température du deuxieéme récu-
pérateur de chaleur (23) est couplé fluidiquement au
deuxieme circuit de fluide de travail (13) entre 'agen-
cementde détendeur (24 ; 25) etla deuxieme pompe
ou le deuxiéeme compresseur (27), et le c6té basse
température du deuxiéme récupérateur de chaleur
(23) est couplé fluidiquement au premier circuit de
fluide de travail (11) entre la premiére pompe ou le
premier compresseur (17) et le chauffage (7).

Systeme de conversion de puissance selon une ou
plusieurs des revendications précédentes, dans le-
quel le deuxieme circuit de fluide de travail (13) com-
prend en outre un deuxiéme refroidisseur (29), cou-
plé fluidiquement au deuxiéme circuit de fluide de
travail (13) entre le deuxiéme récupérateur de cha-
leur (23) etla deuxiéme pompe ou le deuxieme com-
presseur (27).

Systeme de conversion de puissance selon une ou
plusieurs des revendications précédentes, compre-
nant en outre une ligne de raccordement (51) entre
le premier circuit de fluide de travail (11) et le deuxié-
me circuit de travail (13), configurée pour transférer
un fluide de travail du premier circuit de fluide de
travail (11) vers le deuxiéme circuit de fluide de tra-
vail (13) ouinversement, une soupape (53) étant dis-
posée sur la ligne de raccordement (51).

Procédé de production de puissance utile a partir de
chaleur provenantd’une source de chaleur, compre-
nant les étapes suivantes :

la circulation d’'un premier fluide de travail au
moyen d’'une premiére pompe ou d’'un premier
compresseur (17) a travers un premier circuit de
fluide de travail (11) ayant un c6té haute pres-
sion et un c6té basse pression, dans lequel le
c6té haute pression est en relation d’échange
thermique avec la source de chaleur et le cb6té
basse pression est en relation d’échange ther-
mique avec un deuxiéme circuit de fluide de tra-
vail (13) ;
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le transfert d’énergie thermique de la source de
chaleur vers le premier fluide de travail ;

la détente du premier fluide de travail a travers
un premier détendeur (15) agencé entre le coté
haute pression et le c6té basse pression du pre-
mier circuit de fluide de travail (11), et générer
de puissance mécanique avec celle-ci ;

le transfert d’'une chaleur a basse température
du premier circuit de fluide de travail (11) vers
le deuxiéme circuitde fluide de travail (13) ; dans
lequel le deuxiéme circuit de fluide de travail (13)
comprend un c6té haute pression etun coté bas-
se pression, un agencement de détendeur (25 ;
24) entre le c6té haute pression et le c6té basse
pression, et une deuxieme pompe ou un deuxie-
me compresseur (27) entre le coté basse pres-
sion et le c6té haute pression ;

la détente d’'un deuxieme fluide de travail circu-
lant dans le deuxiéme circuit de fluide de travail
(13) dans 'agencement de détendeur (25 ; 24)
et la génération de puissance mécanique avec
celle-ci ;

'entrainement de la premiere pompe ou du pre-
mier compresseur (17) au moyen de puissance
mécanique générée par 'agencementde déten-
deur (25, 24) ;

le procédé est caractérisé en ce qu’il comprend
I'étape suivante :

le transfert de chaleur du deuxiéme circuit de
fluide de travail (13) vers le premier circuit de
fluide de travail (11) au moyen d’un récupérateur
de chaleur (23).

15. Procédé selon la revendication 14, comprenant en
outre I'étape consistant a faire tourner une charge
(31) avec une puissance mécanique générée par le
premier détendeur (15).
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